Deblocking reaction mechanisms of two kinds of chemically amplified resist systems were studied using the in-situ FT-IR measurement system. From the measured results, photoacid generation reaction constants, deblocking reaction orders for the acid concentration and deblocking reaction rate constants were estimated. In the case of 1-ethoxyethyl group, the deblocking reaction order for the acid concentration was very small (104). The activation energies of the deblocking reactions in an acetal type resist and a tBoc type resist were calculated from the Arrhenius plots of deblocking reaction constants and these values were agreeable with the results of molecular orbital calculations.
Introduction
Chemically amplified resists which are used for DUV lithography provide resist patterns by the reactions catalyzed by the photo-generated acids as shown in Fig.1 [1, 2] .
Accordingly the resist performances such as the sensitivity or the resolution closely depends on the elimination reaction rates of their acid labile protecting groups. In a previous paper, we reported the calculated results of the activation energies for the acid catalyzed deblocking reactions by using of MO calculation and discussed their reaction mechanisms [3] . Although some studies about measuring the rate of the chemically amplified reaction in the resist film has been reported [4] [5] [6] [7] [8] [9] , these results are not able to analyze the photoacid generation reaction and deblocking reaction individually, especially in the case of acetal type protecting groups which can easily be cleaved during the exposure. On the other hand, the measurement of the reaction rates and the activation energies of each reaction step is very important for the molecular design of high performance resist materials.
In this paper, we report a novel method of measuring the photoacid generation reaction rate, the reaction order for the acid concentration and deblocking reaction rate individually with insitu FT-IR measurement system.
2. Experimental 2.1. Materials Polymers were prepared by protecting the hydroxyl group of polyhydroxystyrene which was purchased from Nihon Soda Co.. Photoacid generator was purchased from Midori Chemical Co. Ltd.
FT-IR Measurement
The resist samples shown in Table 1 were coated on the silicon wafers to a thickness of 7l Onm and then prebaked at 90°C for 60 seconds.
As shown in Fig.2 , these samples were exposed under 254nm wavelength light at various temperatures and the changes of their IR spectra were measured by in-situ FT-IR measurement system (PAG Analyzer Model PAGA 100 made by Litho Tech Japan Corporation ) during the exposure [6] [7] [8] [9] . The intensity of the light was 1 mW/cmZ.
Deblocking Reaction Analysis
For each sample, the relationships of the exposure time and the change of the absorbance at the wave number where the change of absorption was observed between before and after exposure were plotted. The approximations to Eq.1 and Eq.2 were carried out by non-linear least-squares method using MATLAB program, and the acid generation rate constants (C), the deblocking rate constants (Kdp) and the reaction orders for the acid concentrations (n) were calculated. dGldt = -CIG Eq.1 where G is a concentration of photoacid generator, t is an exposure time, C is a photochemical reaction rate constant, and I is an exposure intensity.
Eq.2 where [P] is a normalized concentration of the protecting group, t' is a deblocking reaction time, Kdp is a deblocking reaction rate constant, [H] is an acid concentration and n is a reaction order. protecting group eliminates during the post exposure bake. So in the resist simulation program such as PROLITH/2, Eq.1 and Eq.2 are dealt independently [ 10] . In this measurement condition, as the photoacid generation and the deprotection occur simultaneously, t in Eq.1 is equal to t' in Eq.2. By fitting these two equations to measured values, C, n and Kdp were able to be calculated as shown in Figs. 5, 6 and 7.
3.2.Photoacid Generation Rate Constant C C has no relation to the reaction temperature (Fig.5) . This result suggests that the acid generation during the exposure coursed by the photochemical reaction and the thermal decomposition of the photoacid generator does not need to be considered.
3.3.Reaction
Order for the Acid Concentration n Fig.6 shows the relationship of n and temperature. As the n value had no dependency to the temperature, it is suggested that the reaction mechanism of the deprotection is same in the measured temperature range. Concerning about the kinds of the protecting groups, a large difference between acetal group and t-Boc group was observed. In the case of the acetal group such as 1-ethoxyethyl group, n value was very small. This result may be explained by the catalytic efficiency of the photogenerated acid for the deprotection of the acetal group. In this calculation, the acid lifetime was assumed to be infinity. However, the photo generated acid is actually deactivated during this measurement.
As a result, calculated n values seem to be affected. The relationship between normalized protection ratio of resist A and exposure time Figure 7 shows Arrhenius plots of the deblocking reaction rate constant Kdp. From Arrhenius equation (Eq.3), the activation energies (Ea) of the deblocking reaction are estimated from the slope in the Arrhenius plots (Table 2) . Kdp = Ar exp(-Ea/RT) Eq.3
Although resist A which consists of acetal group had only one Ea in the measured temperature region, two kinds of Ea were observed in resist B which consists of t-Boc group. This result suggests that the rate determining steps are different between low temperature region and high temperature region in the case of t-Boc group. As reported by M. Yamana [11] , it is considered that the temperature region under 110°C corresponds to reaction-controlled and over 110 °C acid diffusion-controlled respectively. In the low temperature region, the deblocking reaction rate of the t-Boc resist was small, whereas in the high temperature region, the rate determining step was no longer reaction-controlled because of its increasing deblocking reaction rate with increasing of temperature. For the 1-ethoxyethyl group, the rate determining step is reaction-controlled because of its large mobility of acid in the resist film. As the values of Ea in the reaction-controlled region show good correspondence to the MOPAC calculation results which were reported in the previous paper [3] (Table3), it is supported that the rate determining step of deblocking reaction is the step in which oxonium ion (H30+) adds to the oxygen atom of the protecting group (Fig.8) .
Conclusion
The photoacid generation rate, the reaction order for the acid concentration and deprotection reaction rate were measured by in-situ FT-IR measurement system. This analytical method is applicable for the measurement of the deblocking reaction rate in the low activation energy type resist whose deblocking reaction proceeds at the room temperature during the exposure. The activation energies of the deblocking reactions were calculated from the Arrhenius plots of the deblocking reaction rate constants and these values were agreeable with the MOPAC calculation results. 
